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(54) METHOD FOR TRIMMING OPTICAL PATH LENGTH IN WAVEGUIDE TYPE OPTICAL 
CIRCUIT AND DEVICE THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To exactly match the 
optical path length of a waveguide to a desired value 
by measuring the trimming quantity actually shifted 
every time each trimming treatment ends and 
progressing the trimming little by little while taking the 
error of the trimming quantity known by this 
measurement into consideration. 
SOLUTION: This device has a silicon substrate 1, a 
core part 2 consisting of quartz glass embedded into 
a clad layer 3 f the clad layer 3 consisting of the 
quartz glass and thin-film heaters 14, 15 formed on 
the surface of the clad layer 3 in the upper part of 
the core part 2. The trimming is executed by 
impressing electric power on the thin-film heater 
(transfer shifter for trimming) 15. In such a case, the 
trimming quantity actually shifted is measured every 
time trimming treatment ends by taking the error of 
trimming quanty into consideration and the trimming is 
progressed little by little while taking the error of the 

trimming quantity know by this measurement into consideration. Then, the optical path length 
of the waveguide may be exactly matched with the desired value without overtrimming. 
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(57) mm) 

-5 C i; £ g ft i: T 5 * © X- ft 3 

h y 5 >^«is*t»iHit:^ ao**ven© hj s > 

^#yi* s f&fr3«& L<tt ! fi«t:iStT^I»t:i'7 h L 
fchU^>^SPsi, Ps 2 , -fcabtu *0W£fcJ: 
Wis b 'M >^«©K2S*ffl*Lfc#6* '>lfo h 




1 y'J3>Sffi 

2 *SUS:J7 

3 95 * 

1 1 o , 1 1 b \umm*t 

1 2 o . 1 2 b miim&tm 

14 *Rt-y ( ^<«/^>irffltt*->75'- ) 



?no b'j; l < tt£K£j& br 

im&rn 2 ] m$8 i mm<D%M v y $ 

li, b U 5 >y«l©#B«***£U b U ^ > 

©Mffscftfflv^r* b u s ^©Kagfc^itL&a* 
e,> b y s. >^«riBftj(tt-r*xfifc, t?ajbfcb',u 

saeeu ni^obu ^>^M^iiij^-r-5xgt> ma 

IS b V 5 >^£*$Tf axigi;, WS©#H«SC*M- 

swftfyjtKSWwrttsiab-ri^tttuf, saw© b 
n^istc, b y s. >^mt b y * >*g©n 
#**»iEu §i^Mt> by ^>vmmthv 

g©H&5££/m^ b 'J a >^g©ISM*>#Iiabfc# 
fT5M*iS 1 BtKDVtta^BBC «V SftRil b y 

b y s: yvmtitK b U 5 >^«£i: b 

•J ^ ^gCHG&sSfc^V^ £S& b y ^ > ySCj£ 
[flt#JI4] flt$31, 2Xtt3fB«©3feKSby 5 

«ffl3fc@isti3it«*K« b y ^ xr^^c 
^@sst*5itS5tss« b y s. >^at. 

[IS**6] MaRfll, 2, 3, 4Xtt5H3«©mJf3 

»w-ii3tiHiiso3teis*tSfc«rak: «t t> by* >^i-?>^ 
■crv^t, b y ^ >^«*«i&* 

a, b y ^ >y«* • b y ^ ^B^fcuajir-ams 
aw** i , 2xii3 ia«c© b y ? >^#&£ nmtz 

>tessb y ^ >ysa« 
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[0 0 0 1] 

b y 5 >^atsrf-tcDasBtBi-5. mx 

©T- £ 5 , SEtBIBUC M\ tffflagfc <fc -5 

i-aTfi^wtmiE-rs by* >^jssvt 
©««cw*- «*©tss. 

[0 0 0 2] 

imtcD&m] mmmmomvy b u- baits 

©*£gfb i: Rll«C»flEYb • ffiftaefc#3i < S> tiT 

n x tt^©3ffi«(ei«a*5^ 7 r ^ -a« izm%&t>^ 
r^Zc staa»»sftTv>«3fca»iHtt, iisut^-b* 

H4iSg^7jf^>b-^'f >b©^a«T-fe5* s , 
g£ N y^Hr^iHftinfcfcaR©^- KM«Mi«»^fc 

[0 0 0 3] dC^aW^^^Atc-ii^^-ggffii: u 

T% ««es>3tefffia. mstt • 'Mtfb*?©®-egftfc 

^IStbTffiS^nT^S. 

[00 04] %7,4 vtt*£^Wttk*tmi»&& 

-^ts^tiT^b-^oo zG^ttovauteimtm t 

^©«Sfi©^S1-^t>*>^Kft©*fJSB:> IWWttt 

[0005] L^t^ise., ^c^sswcn?)* 
fes©4s#a-c-ife5. cnMitssffi^sti 



[0 0 0 6] L*>U Zto&StoWT'xntlGltatts 

%&mmmtnz, ±mmmt><D^ximx-^t^< 

[0 0 0 7) MR, ZO)£5ti.lE.1%mnt>mu\zMt>? 
lzm<m<Dftffim*m*Wt!imiz£QmXmzffilE (h 

Wffl-r^7?S* 5 M^^nTO-5 (««PF2-4 2 5 3 8 
#HS¥4-1 9 2 0 7 9^) o 
[0 0 0 8] Z\<DW$&9.Y 'J ^ >^SfflV>-5^i:{3«t 
5, ±fa©^fi^^tl^.W(c«IE-r-2>c:i:A J qj&ii: 

[0 0 0.9] 

U $ y?mz&\^Xl*, Bl 5 Izmir X -5 h U ^ y? 
M (tefg^hfi) lim^EPJnBfRfl (MJ^yiW 

2t^-r«to^M*»^T43t), lESt&ft 

[ooio] st. hu? yyiz%m&*»<-rzjjfa 
nistiHMUisyvzx-gtz^frZs mmcohv 5. yym. 

zttim&tji^t^opsmti&^tzo 

[0 0 11] M^x S5A^^J5J:d{^ ma©b 'J ^ 

nm&xmmmttai>o m^<D\mtmm.7,^-)vx^> 

5 abcc h y 5. >^3itftst){c N lEstt h u < >y» 
£f»f 3di:#i{u^ Mtc, ma© h; 5 

[0012] *fswt±> ±%m&&miz&frxj&2nrz 

&*t a c t: £ g w ^ -r s 4) or- & a . 

[0 0 13] 

^©^SM&K&'ltSttEgJI h 'J 5 
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mfctizxmm&zm^xftMznziFBmmftmmz) 
ftffi&z'&i&mizxvi&xmzmmtzjjmzt&^x, 

>#!m*&®lZM!-s B.r>*ti?ti(D h U 5 > 
fe h 'J ^ >^S£«£U *©8tl£fc«fc h i; * y 

[0014] ±IB HJ 5 >^t£l^ h U ? >^iu©* 

nmrntrnt, fftijbfe h y $ yymrsx h y s y# 
m^wm-rmmt, #»ss*»j£u-nsi8©hy 

*HafflSSttwfcc»«UTvtfi« h y 5. yyzmr-t 
sisfc, HfaojtBUHSc«r*«»iijitia^iujirt 

KfiJjlUTO&ltftfcf, Hfigf© h 'J 5 >^fi£*£ % h 

y ^ yvmmt h y ^ >^«©H«st*0iEbx 

[0 0 15] Sfc, ±IBBWfta»l«-r6*«W©#«ll 
l6K*fflV>TffM^na z F^ftM>t[5]ES©^S&«^^M 

tilts h^iyvmtJthvs.yvmcDmm^m^ 
Xs &mu v y 5 >^*ti6bT«j6$*isd 

Ht^, ±E*i5«h u ^ ymmzmmumz 
&^xmm&(DnMmft*imxm\z%.ihirz>mm.*m 

tzmmt—$>*m^x^?>z}i%i!mtu ±82^#?s 

[ooi6] sfc, ±E§fl9*3tia"r53ic*wcD*«a 

at«t o h 'M yyi-z&mztfi^x, jm&mfc* 
vvx h y 5. yvnti • h y 5. 
>^Mfc*a-r s*«av»#8 1 , 2 xtt 3ib«© 

[0017] cf^fflD a, h y ^ >^«©^n 

y ^ >^*aaA s $it)5St^(c«>7 h h y ^ >y 
s Ls * offlfeiz x t) « 5 h y 5 y ?m<DWM * 
mmLtet^, 'p[s?-ohv$yy*mtbx^z(DX\ 

y i>^-rac fc«t < > *«B©3tKfiftiE«cmaffl 

[0018] zzx, h y ^ yifftmb h y $ >^»© 
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LT, hU^^HtJUH-rSifcfcJ:!)* b'M> 

[0019] ft, h u ^ yvwmz 4 3tiAW&*§ y 
yvm. (hvs.yvm.) ©*i«f4> 06 (a) K*-f4 

5. 2 3, 2 4, 2 5tt-tn-?tih'M>^«*=4 
W, 5W, BWfcfcttS b U 5 >£T#H##tt'efc5'. 
b y i>^«*;£*£<-f Si:, ffliSMT*&<tt«$' 

[0 0 2 0] cnt, -J&SHrtTf© b 'J S ><^Mi: L 
Tfh&fiLfc^ 7*s06 (b) -C^So 26, 2 

7,28 i±^n^n h y s. >^b#ht# i#, i o#, 
1 0 08>©Bf© b y ^ >^«*«#tt-c»4. ft^x, 
ma© b y 5. >^st*s tt, ssfc b >,u ymt>* 
aiR-rsckCi&s b y s -5 ci:«t< 

( b y ^ >4>TtSlffl#tt*IK:*gii$IHCfc a £ fc«e <) , H 
ffl^NfBBrtf- b y ^ y<y*fioZ.t&X'%Zo 
[0 0 2 1] 

y ^ >trm<DmmttML£ lt\ ut^ >j 3 > 

[0 0 2 2] C£jfi0| 1 0 *^©-#l3£0!l£0 1 

-f <yf=-{CjSffibfct.O-r-feS. Ell (a) tt±M©#[H) 
Sg©¥®0, 01 (b) J401 (a) (DA- A' 
^fc»f®0. Ell (c) {±01 (a) ©B-B' 
^feliHT-fe?!. 0*, ltt'>'j3>StR> 214*5 

3J453M&#^;**>e>fcS*7y b'g> 14, 15143 
[0 0 2 3] d©2 x 2#;W y-^tt, 2<i©3dB;£ 

Attigds 1 3 tmmt-* 14,1 5T-«fig^nfcv 

L opt I !4, EifcKjfol^ -KD ( | AL opt | =0) fcb 
< 2 #© 1 ( | AL op t I = A/2) & 

£CKfteftTi\j&. 0 1 14 1 a L 0P t I = oomvm 

[0 0 2 4] fcTFK, y^>^SW¥*Kliar*. * 
«t— *1 4fC«fci«©i:tJ4 <*D*ttfflk OFF 



SSJgl 1 a*>6Aofeff^(4tB*#SSSiSl 2b£f5 
j$-f3 0 -#©»l!tk-* 1 4^Illt (A-ttJBx 
ONUS) , lulB©^S§*g^^ ; ? : ?ii^t e }:f?fi^^ 
S©2^©lffl^^^b^-fr5t> A*#aSSi»l lb 

mfam%& 1 1 aa»6A^fc«^#ttm2>a?&g&iB 1 2 a 

[0 0 2 5] C© 2 x 2 Jt^-f f f CfflV^ftTOiS ' 
3l3R#*ttHU S i C 14^ Ge C I4& £©0*4*"* ©AO* 
#»£Jfc**iJffl Lfc5£##5 *«©*«*« fcfifctt 
^;r>xy^>^ft®©|I,fr^fc>lEH3 4 9JP£ 1mm, 

mm 4 -r >^©^ >j 3 >aHR±fcfi£» u w«t-* 1 

4,15 H:*ffij|R*aufe«tt«h^3iy 4 &fEH 

[0 0 2 6] 3 7©WBWi£tt6,untfiT?*i»K 

KW©tfcH*T*att0: 7 5%T»*. SMtfc- 
*14, 1 5©1MX(4, JP£0. l>um, S4 0>ti 
m, ft£4mmT&S. x>^— TgfcfHIlK'£ 

©^lSE§©P^PBI4 2 5 O/zmtLfeo 2*CD*«BKD3t 
igftMI4, ^ESft©^^*m^T% 
\l-*> 1 4(115: 0 . Um5<Lfe. 
[0 0 2 7] d©2 x 2%7.<i y^imzgiZtltzT-y? 

W-K7?^^MU IIt-^14, 1 51: 

Lfco 4-lHlC:©^^ y^fa-M2 5 6 filial L 

[0 0 2 8] tfMLtc2 5 6®©^^ w^S^a— 

1 4«©*SJSS©^i s 0. 2~0. 0 2/zmgJK*^^ 
fee 4-lHk ^ES«M©«iJ^^I4, f*Ht-^ 14,15 

0 1 ©i^^y^y 

-^T?$ff-0ss©«^ ^ -f y vntj p ^ iE-fb ^ * 

fcilt, A*#«»*im 1 a*»6HWj#«fiMHl 2aA 

©^iSli* I J4tlT©4 -5 C^b-T So 

I =sin { (ttP + d^) /2} 

C3T\ a(4^^^ic«cS{4ffl~>7 h«aktf*ti;- 

[0 0 2 9] C:©*ayjl^Ct)^ 
HIT 6- 5 9 8 9^, ^SeSIfffi^) KZifi&Zifi, 

v^rn©^4fflv>xt)Av^ 

[0 0 3 0] C©^K^*IESifc:R(fa©fB (3utli 



»SM=0) iztztzkbiz, 02 D-^-fr- 
ht^T, *«tt-^ (M.U>* , fflflHS5'7*-) 

1 5K«afcM]bT b U S ^fcfTofc. CCt'lt 

mm >^0y££;t&#&» Bi2©*«i&Kfla-r 

So 

[0 0 3 1 ] $te*\ (BiSLfcfflfflWEiStfflV^T MJ 5 
>4m&©#»ft2fc8lJ£U J8MM>^«Ps ( = 
D9ra©XE8JE2] - [ h U 2. yvmntm^m ) « 

[0 0 3 2] MM >^«^Pfi, <fcSfc h 'J ^ 

tz, n\i*>, me (b) £^irj;?£, mm>^**£ 
trr -3ei«iBfc*B-a h y s yvmtKZ < «es. 

2 6, 2 7, 2 8 1* -Weft HJ 5 >^B#RgT# 1$\ 

10©, io 08>©is© h u s i'WfifflKTSi. ^ 

MM >^MPsi;:/£bfcMM >y«;>jP£l?tfab 
•jfctbfc (Xt 1 *:^). IIU MM X/BffHTtt 
6 0#i:bfc. 

[0 0 3 3] MM >^l$|H|Tfc±ffl<3h>T±E©MJ 
i>^S*P£EP;&abTb£-5i:, i!ui£ bfc<fc -5 CMJ 
5 >^fi£fct^7y3r#fc5Ci£:;&»fc>lEJ£C MM ^ 

^fcRHfca-tt, h U 5. >^©3|t**^ft Wfc b*# 
6s MJ ?>^ra^!3ffii^-SCli:t «fcoTIEflt&MJ 

[0 0 3 4] cn*r-©ii®i7 r -^^e> mm></« 
*PSEPiPbti:^©h i; ^>^©jt<frji-£- (m; s. > 
^ttttffiiso , sp*n b y 5. >?m?3£ h v ^ >vm.t 
©h«bu E3 (a) ©«tat^«$ns. 3 u±¥is 

©«^ 3 1 al*&tee6B©S*©»^ 3 1 btt«/h 

©tii^© b y ^ >2W£ffi«rcfcs. c© b y 5. >^b# 

IBt:B-rs»S«^«f©WttEtt»3 1 aT*$.5f max (t) 
©38»IS»A»e>, »«feJ!,&A/EISIHi: LT©» MM > 

[0 0 3 5] UHlgCMMV^TSfHtifcbTfck C 
OUh'H^fflr^x £©B#IBt re MM > 
PntlZWiULtz Ut^S4) 0 mg©«fc9Hin» 
#fi&jyt£8Hj£bl|51g©MJ 

© mm >^fiPsi£gfmbfe u^^ss). ismb 

& MM ></l:3 1 c £0 3 £0^1- 3. 03 (a) £ 

m-r « s j; -5 * tmWD mm ></s p s± <y tcpj 
3ibT^^^©r% 2E]-B©h y s >rnti*$m{stz 

4-OttO. 0 0 5^m (3 0 0#© l^fitffiS) b 

fco 

[0 0 3 6] 03 (b) t^t<toi:, lH]g©MM 

>y&gk3 1 c&s{3 7-< >ysffv^«b y 5 

>^Sl»S«HEbfc Ur^S 7 ), 3 2tt¥±S©S 
^ 3 2 afctKgtEffl©*;*:©*^ 3 2btt«^©» 



(5) &M¥10-246828 

^©^iE^nfchy 5>ywtti»»-e»*. lugis] 

«h MH»^:Bf©^t4fflJPI3 2 aT$>S f max (t)©ja»M 

**»6s ^M*m^^B#^i:bT«ghy * >?mr$T 

[0 0 3 7] 2@gfc£ s i©«h'J 5>^NfHT*»6ffi 
{CEpADbfcBfP^ti£§|^tB^t 2 T- MM >^*^l£ 

m ftRjis«*&u 20B© mm >^»trp^ 

T-CURS© MM >^gPs 2 £J?H3 bfc u^^t- 

s 5 ) 0 03 (b) © 3 2 c tznm bfc-^it© mm >y 

ft£0^-T5o 

[0 0 3 8] 03 (b) ftjRTflSi'S^ itlf** 

esic mm >^*Ps±<y tBiabTi^v^©7fs ; 
30g©MJ $>ynffft*iwfbfc (^^«^7-s 6 )o 0 

4 (a) K^-r«fc-5£, lElg • 2®g©MJ 
I31c-3 2cSil:7^f -y^^ >^£ffv\ 
y 2 >^flliSI^3Ebfc U^-y7-S7) 0 2 0gi:(p]tS 
Cl/tx 3®g, 4@B©bi;$>^*fi ; -3fe. 4BB 
Oh'J<>^W7lfci:C5T\ 0 4 (b) (;^-TJ; 

•5 (c, h y = ><yfi*s0fs© h "j s: >^ap s ± <y ics y 

[0 0 3 9] U±iZ^Vtz£.o-&h y 2>^5Q i S*> fls 
9!{b&2 5 611©^^ si^yj- MzmLtzo 5tl?.© 
feto^ES*MS«tebfei:^5, ^:T©^-f y^*S^a 
-Mzm^X, 300^01 ««filT 7-^«^)T- 
2mWtlT) ©3»WJtTf©3tB«*jE*ff-5Ci:*«T?* 

to ^0© h y ^ >y©a^^T> ^^-<v^-o^fe 
doss by i><yi%M (=ti+t 2 +-) 

1 2 o#gaf-cfet)> +^Hffl«*i^iaT-jaasff o z 

£ AST- » fee 

[0040] *&, h y ^ yymmtmrzwm&xft 
mtbT%&hv$.>ymmTznai-tzz.tiz*.t), h 

[0 0 4 1] ^jfi^fc J:-5**«Bff|ynjf h y ^ > 
-) 14C, 3 5 0mW|I«©ii^^m^£EP»D-rS» 

^»^d J 5ti?,?nfc. c © i: §© 0 n/o f f mxttit 

2 5dBfiST"$>^fco 

[ 0 0 4 2 ] JbB h y 5 >^t^^T> MM >4*fttt 

ftifa©^ • itiifijii 1 @@© h y ^ >y^© b 1; § 

mfelZX-oT, SbZ>m&WZ>. Sfc03, 04£BTfl 

* x *> iz, h y s >^©KS*©(iii h y 2 > ^©@fR 
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K«C«rS¥J90Wttfll«lf (t)fflfl»HftA»6»ttil/ 
[0 0 4 3] ifc^jUKW-fftt, 2 x 2 3fc*-f y 

[00 44] ±I3HSE^JT-ii^ U a >ffl&±©5 

fetters** -f y^fcowCKSHl/fc 
*«, flMflsk flbCDfWKiS (iuiStiSs ffi»KfEH80.K::fc 

wet,, xBak*imiK.£m.-omm£. b u * 

ULt©BMirei»&rt»-tfc*. ffi^T, tv*^ 
[0 0 4 5] 

fc «ta c> bos. >ym(Dwmz%j&i;X vvs. yy*sk 

Jc3?|ig£~>7 htfeh'J? >^«*«£U *©»fet 

^qjfgtfe^fco 3fa©by * >^sici5ct> 

^fifJ8£»&5ci:55:<, »Bfl&ft*Hrtt h 'J ^ >^ 

m i ] *mw>—XRm£to* 2*2%^ vrvm 

*8§iI@T*fc^ NISI (a) RKH (b) ttH 

0 (a) *©A-A' JggrffiBk nm (c) ttHBT 
(a)-4>©B-B* tmmW&bZ* 

m 2 ] tt%w<D b y s. >^®a^?s©, a*«&¥« 

[03 ] b U 5 >^«a**ORrB^«fc*»t 

h U 5 >i^M©ft*3ErifeRt; b U 5 >^©iltr« 
?©-0!fc«!K nH (a) ttl@B©b'J SV^M 

.1, nisg (b) tt2@a©bu^>4 r ffl(3ift^. 
[0 4 ] *|gBj3© h y 5. >^|W»ifeofiH(^«c*w 
aft b y 5 ^^McDjtot^aai; b u 5. >^©5itr«i 

?©-0iJ{c:^t)> mm (a) HtaSBObU 5>^ffl 

a> nog (b) a 4® a© by ^v^iaas^-fo 



[Ei 5 3 hy.^^Mth'M^i^fflfcoBWRi^-r 

[0 6 ] #&0J© MJ S V^jflSB^S© b U 5 

a h y 5 >^©a?*^r^57-ea&5, ibjei (a) tt 
& b y 5 >^**c*tt5 b y s. >^s© by? >^b# 
M«#ttft*u nia (b) b y s. y^mmxco t 
y ? >^s© b y 5. 

1 J/'J3 >&k 

2 jgjfcSSaT 
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